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Abstract: A search for direct chargino production in anomaly-mediated supersymmetry 
breaking scenarios is performed in pp coUisions at ^/s = 7 TeV using 4.7 fb~^ of data 
collected with the ATLAS experiment at the LHC. In these models, the lightest chargino 
is predicted to have a lifetime long enough to be detected in the tracking detectors of 
collider experiments. This analysis explores such models by searching for chargino decays 
that result in tracks with few associated hits in the outer region of the tracking system. 
The transverse-momentum spectrum of candidate tracks is found to be consistent with the 
expectation from the Standard Model background processes and constraints on chargino 
properties are obtained. 
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1 Introduction 

Anomaly-mediated supersymmetry breaking (AMSB) models [1, 2], where soft supersym- 
metry (SUSY) breaking is caused by loop effects, provides a constrained mass spectrum of 
SUSY particles. In particular, the ratios of the three gaugino masses are given approxi- 
mately by Ml : M2 ■ M3 w 3 : 1 : 7 , where Mi {i = 1, 2, 3) are the bino, wino and gluino 
masses, respectively. The lightest gaugino is the wino, and the lightest chargino {Xi ) and 
neutralino (Xi) are the charged and neutral winos. The mass of Xi {'m-±) becomes slightly 

heavier than that of Xi due to radiative corrections involving electroweak gauge bosons. 
The typical mass splitting between the charged and neutral winos (Am^^^) is 160-170 MeV. 
This phenomenological feature of the nearly degenerate Xi and Xi has the important im- 
plication that the Xi has a considerable lifetime and predominantly decays into Xi plus 
a low-momentum (~ 100 MeV) vr^. The mean lifetime of the Xi (t-±) is expected to be 
typically a fraction of a nanosecond. Therefore, some charginos will have decay lengths 
exceeding a few tens of centimeters at the energies of the Large Hadron Collider (LHC) and 
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their tracks may have no or few associated hits in the outer region of the tracking system, 
causing them to be classified as "disappearing tracks". 

This paper describes a search for the production of long-hved AMSB charginos, via 
electroweak processes in pp colhsions at ^/s = 7 TeV: 

pp xfxij, pp XiXi j. 

with their subsequent decays, where j denotes an energetic jet from initial-state radiation 
used to trigger the signal event. Since the Xi could decay in the inner tracking volume and 
the Xi escapes from the detector, the resulting signal topology is characterized by a high-px 
(transverse momentum) jet, large missing transverse momentum (its magnitude is denoted 
by E!f^^^), and a high-px disappearing track. A previous search for a disappearing-track 
signature [3] by the ATLAS collaboration was based on signal production via the strong 
interaction, resulting in final states with multiple high-pT jets and large E^^^^. Given the 
ratio M3/M2 ~7, the masses of coloured particles are comparatively large and thus the 
cross-sections are small compared to those from electroweak production. 

2 The ATLAS detector 

ATLAS is a multi-purpose detector [4], covering nearly the entire solid angle^ around the 
collision point with layers of tracking devices surrounded by a superconducting solenoid 
providing a 2 tesla axial magnetic field, a calorimeter system, and a muon spectrometer. 
The inner detector (ID) provides track reconstruction in the region It^I < 2.5 and consists of 
pixel and silicon microstrip (SCT) detectors inside a straw tube transition radiation tracker 
(TRT). Of particular importance to this analysis is the TRT detector. The barrel TRT 
covers the region \z\ < 780 mm and is divided into inner, middle, and outer concentric 
rings of 32 modules each, comprising a stack in azimuthal angle. They cover the radial 
ranges 563 mm to 694 mm (inner), 697 mm to 860 mm (middle), and 863 mm to 1066 mm 
(outer). A module consists of a carbon-fiber laminate shell and an array of straw tubes. 
The average numbers of pixel, SCT and TRT hits on a track going through the inner 
detector in the central region are about 3, 8 and 34, respectively. The calorimeter system 
covers the range \r]\ < 4.9. The electromagnetic calorimeter is a lead/liquid-argon (LAr) 
detector in the barrel (|t/| < 1.475) and endcap (1.375 < |r/| < 3.2) regions. The hadronic 
calorimeters are composed of a steel and scintillator barrel (|?7| < 1.7), a LAr/copper endcap 
(1.5 < \r]\ < 3.2), and a LAr forward system (3.1 < |?7| < 4.9) with copper and tungsten 
absorbers. The muon spectrometer consists of three large superconducting toroids, trigger 
chambers, and precision tracking chambers which provide muon momentum measurements 
up to \ri\ of 2.7. 

^ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in 
the centre of the detector and the z-axis coinciding with the axis of the beam pipe. The a;-axis points from 
the IP to the centre of the LHC ring, and the j/-axis points upward. Cylindrical coordinates (r, (f}) are used 
in the transverse plane, (f) being the azimuthal angle around the beam pipe. Pseudorapidity is defined in 
terms of the polar angle 6 as rj — — lntan(^/2). 
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3 Data and simulated event samples 



This search is based on pp colhsion data at y/s = 7 TeV recorded by the ATLAS detector in 
2011, corresponding to an integrated luminosity of 4.7 fb~^ after the apphcation of beam, 
detector, and data quahty requirements. 

The large cross-section of QCD di-jet events especially at small j>t is suppressed at 
the trigger level by requiring at least one jet with > 55 GeV, E^^^^ > 55 GeV, and 
'^'^min ^ > 1) "where A(/)j^jj^ indicates the smallest azimuthal separation between the 
missing transverse momentum and either of the two highest-pT jets with > 30 GeV. The 
jet pt and E^^'^^ for the trigger are based on calorimeter information and measured at the 
electromagnetic scale. For background events E'™'^^ is usually aligned with a high-pT jet 

^miss ^miss 

{^(pmin ^ ~ 0) since it is due to jet mis-measurements while for the signal A(/>^jjj ~ vr 
as it arises from the outgoing neutralinos. 

Simulated Monte Carlo (MC) events are used to assess the experimental sensitivity to 
given models. The minimal AMSB model is characterized by four parameters: the gravitino 
mass (^3/2), the universal scalar mass (mo), the ratio of Higgs vacuum expectation values 
at the electroweak scale (tan /3), and the sign of the higgsino mass term (/i). ISASUSY from 
ISAJET v7.80 [5] is used to calculate the SUSY mass spectrum and the decay tables. The 
MC signal samples are produced using Herwig++ [6] with MRST2007 LO* [7] parton 
distribution functions (PDFs). All simulated samples used in this paper are produced using 
a detector simulation based on Geant4 [8, 9], and include multiple pp interactions per 
event (pile-up) to model that observed in data. Signal cross-sections are calculated at next- 
to-leading order (NLO) in the strong coupling constant using Prospino2 [10], as shown in 
figure 1. The nominal cross-section and its uncertainty are taken from an envelope of cross- 
section predictions using different PDF sets and factorisation and renormalisation scales, 
as described in ref. [11]. Simulated points with chargino masses ranging from 70-300 GeV 
are studied, and in particular two reference points with m-± ~ 100 GeV and 200 GeV are 
illustrated in this paper. A large value of 1 TeV is used for mo in order to prevent the 
existence of a tachyonic slepton. However, the production cross-section is determined only 
by the wino mass (oc m^/2)i ^iid the results presented in this paper are largely independent 
of the other parameters. The mean lifetime r-± is set to 1 ns, the value for which this 
analysis has the highest sensitivity. Samples with different mean lifetimes are obtained 
by applying event weights to the original sample, such that the distribution of the proper 
lifetime follows that for a given mean lifetime value. The branching fraction for the decay 
xf XiTT^ is set to 100%. 

4 Event selection and reconstruction 

Kinematic selection criteria are applied which ensure high trigger efficiency while reducing 
the Standard Model (SM) background arising from unidentified charged leptons that survive 
a lepton veto. The vast majority of background events are removed by the TRT-based 
selection criteria that are used to identify the decay of the chargino. 
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Figure 1. The cross-section for direct chargino production at y/s = 7 TeV as a function of ^3/2- 
The corresponding m~± values for each 7713/2 are also indicated. 



4.1 Event reconstruction 

The primary vertex [12] is required to have at least five associated tracks; when more 
than one such vertex is found, the vertex with the largest total |pTp of the associated 
tracks is chosen. Jets are reconstructed using the anti-A;^ algorithm [13] with a distance 
parameter of 0.4. The inputs to the jet reconstruction algorithm are topological calorimeter 
energy clusters. The measurement of jet transverse momentum at the electromagnetic 
scale (pj^*'™) underestimates hadronic jets due to the nature of the non-compensating 
calorimeters and dead material. Thus, an average correction depending on rj and 
is applied to obtain the correct transverse momentum. The details of the jet calibration 
procedure are given in ref. [14]. In the analysis, requirements of pT > 20 GeV and \rj\ < 2.8 
are applied. Electron candidates are selected with 'loose" identification requirements, as 
described in ref. [15] and required to fulfil the requirements of transverse energy, i?T > 
10 GeV and \r]\ < 2.47. Muon candidates are identified by an algorithm which combines an 
ID track with either a track reconstructed in the muon spectrometer, or with a track segment 
in the innermost muon station [4, 16]. Furthermore, muons are required to have at least 
one hit in the innermost layer of the pixel detector (A'^b-layer) if crossing an active module 
of that layer, more than one pixel hit (A^pixel)) at least six SOT hits {N^ct), Pt > 10 GeV 
and \r]\ < 2.4. 

Following the object reconstruction described above, overlaps between jets and leptons 

are resolved. First, any jet candidate lying within a distance of AR = ^ (Ary)^ + (A(/>)^ = 
0.2 of an electron is discarded. Then, any lepton candidate within a distance of Ai? = 0.4 
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of any surviving jet is discarded. 

The calculation of E^^'^^ is based on the transverse momenta of jets and lepton candi- 
dates described above and all calorimeter energy clusters that are not associated to such 
objects [17]. 

4.2 Kinematic selection criteria 

Following the trigger decision, selection requirements to suppress non-collision background 
events, given in ref. [14], are applied to jets. Candidate events are then required to have no 
electron or muon candidates (lepton veto) to suppress the background events from W/Z + 
jets and top-quark pair-production processes. The candidates are required to have E^^^^ > 
90 GeV and at least one jet with px > 90 GeV. In order to further suppress the QCD 

^miss 

background, A^^^j^ ^ > 1.5 for the two highest jets with > 50 GeV is imposed. 
The trigger selection is 98% efficient for signal events satisfying these selection requirements. 

4.3 Disappearing-track selection criteria 

The TRT detector provides substantial discrimination between penetrating and decaying 
charged particles: the average number of hits on a track going through the TRT in the barrel 
region is about 34 and consecutive hits can be observed along the track with small radial 
spacing between adjacent hits, while a smaller number is expected for charged particles that 
decay in the TRT volume. If a chargino decays in the TRT volume, the track is still found 
with a high efficiency based on hits in the pixel and SCT detectors. Such a chargino track 
candidate can therefore be fully reconstructed by the ATLAS standard track reconstruction 
algorithm. 

The tracks originating from charginos are expected to have high-px and to be isolated. 
Therefore, chargino candidate tracks are required to fulfil the following criteria: 

(I) The track must have A^pixei ^ Ij -^b-laycr > 1 if crossing an active module of the 
innermost pixel layer, A'^gcT ^ 6, |do| < 1.5 mm and |zosin0| < 1.5 mm, where do 
and zq are the transverse and longitudinal impact parameters with respect to the 
primary vertex. 

(II) The track must be isolated: there must be no tracks having px above 0.4 GeV within 
a cone of AR = 0.1 around the candidate track. There must also be no jets having 
px above 50 GeV within a cone of AR = 0.4. 

(III) The candidate track must have px above 10 GeV, and must be the highest-px isolated 
track in the event. 

(IV) The relative uncertainty on the momentum measurement must be below 20%. 

(V) The candidate track must point to the TRT barrel layers but not the region around 
\7]\ =0 (0.1 < |??| < 0.63). 

(VI) The number of hits in the TRT outer module associated to the track {N^^^^) must 
be less than five. 
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Criterion (I) is applied in order to ensure well-reconstructed primary tracks. Criteria (II) 
and (III) are employed to select chargino tracks that are isolated and have the highest pT in 
most cases. Tracks seeded from an incorrect combination of SCT space-points could have 
anomalously high values of and worse momentum resolution; criterion (IV) suppresses 
such tracks. Criterion (V) is based on the extrapolated track position and is used to avoid 
inactive regions of the TRT and reject muons failing identification due to a small gap in 
acceptance around r] = 0. For criterion (VI), -/V^^j'' is calculated by counting TRT hits 
lying on the extrapolated track. This criterion selects charginos decaying within the vol- 
ume between the SCT outer layers and the TRT outer modules. Hereafter, unless explicitly 
stated otherwise, "high-px isolated track selection" and "disappearing-track selection" in- 
dicate criteria (I)-(V) and (I)-(VI), respectively. Figure 2 shows the N^^^^ distributions 
with the high-pT isolated track selection requirements for data, simulated signal MC events, 
and simulated MC SM background events. Details of the SM background MC samples are 
described in ref. [18]. When charginos decay before reaching the TRT outer module, N^^^'^ 
is expected to have a value near zero; conversely, charginos that reach the calorimeters 
and SM charged particles traversing the TRT typically have N^'^^^ ~ 15. The purity of 
chargino tracks in the signal MC events, defined as the fraction of candidate tracks matched 
to generated charginos, is almost 100% at this stage; criterion (VI) removes the vast ma- 
jority of background events. Although it also reduces the signal efficiency, it strongly 
enhances the expected signal to background ratio. A summary of kinematic selection cri- 
teria, disappearing-track requirements, and the data reduction are given in table 1. Signal 
efficiencies are low at the first stage due to the trigger based on initial-state radiation. After 
the application of all selection criteria, 710 candidate events are selected. 




Figure 2. The A^trt"^ distribution for data and signal events (m-i = 100 GeV, t^± = 1 ns) with the 
high-pT isolated track selection. The expectation from SM MC events, normalized to the number 
of observed events, is also shown. 
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Requirement 


Observed 


Signal events (efficiency [%]) 
m-± = 100 GeV m-± = 200 GeV 

Xl Xl 


Quality requirements and trigger 


3765627 




ZOO. a (b. I ) 


Jet cleaning 


2899498 




97Q R (\\ 


Lepton veto 


2186581 


1906 (2.9) 


274.8 (6.5) 


Leading jet > 90 GeV 


2054262 


1497 (2.3) 


237.7 (5.6) 


S^P'^^ > 90 GeV 


1233864 


1420 (2.2) 


230.2 (5.5) 




1191298 


1402 (2.1) 


227.4 (5.4) 


Higli-pT isolated track selection 


18493 


90.5 (0.14) 


9.1 (0.26) 


Disappearing-track selection 


710 


42.9 (0.066) 


4.1 (0.12) 



Table 1. Summary of selection requirements and data reduction for data and expected signal 
events (t^± = 1 ns). The signal selection efficiencies are also shown in parentheses. 



5 Estimate of the px spectrum of the background contributions 

According to MC simulation, the background contribution after the high-px isolated track 
selection comes predominantly from the VF(— )■ rz^)+jets production in which r decay prod- 
ucts fulfil the selection criteria. Sub-leading contributions to the background come from 
prompt electrons failing to satisfy their identification criteria. A background estimation 
based on the MC simulation suffers from large uncertainties due to low numbers of tracks 
after all the selection requirements and has difficulty in simulating the properties of these 
background tracks. Therefore, an approach using data-driven control samples enriched in 
these background categories is employed to estimate the background track spectrum. A 
simultaneous fit is then performed for signal and background yields using the pT spectrum 
of observed tracks. 

5.1 Interacting charged hadrons 

High-pT charged hadrons (mostly charged pions) can interact with material in the TRT de- 
tector and some tracks can be labelled as disappearing tracks; according to MC simulation, 
they are responsible for more than 80% of the background in the signal search sample. The 
Pt spectrum of interacting hadron tracks is obtained from that of non-interacting hadron 
tracks, in the same way as in ref. [3]. In the pi range above 10 GeV, where inelastic inter- 
actions dominate, the interaction rate has nearly no px-dependence [19]. By adopting the 
same kinematic selection criteria as those for the signal and ensuring a penetration through 
the TRT detector by requiring N^^^^ > 10, a sample of high-px non-interacting hadron 
tracks is obtained. The contamination from electron tracks and any chargino signal is re- 
moved by requiring the associated calorimeter activity, E^'^'^'^^ / p^^'^^ , to be larger than 0.2, 
where E^'^'^'^^ is the calorimeter transverse energy deposited in a cone of AR = 0.2 around 
the track, excluding i?T of its corresponding calorimeter cluster, and p^^'^^ is the track px- 
According to MC simulation, the purity of non-interacting hadron tracks is > 99% after 
these requirements. These hadron tracks have a steeply falling px spectrum, as shown in 
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figure 3. An ansatz functional form (1 + x)"'° / x"'^'^"''^^'^^^^ is then fitted to the spectrum 
of the control sample, where x = p^-^^"^ and (i = 0, 1, 2) are the fitted parameters. The 
data distribution is well described by this functional form; a per degree of freedom 
(DOF) of 39/50 is calculated from the difference between the data and the best-fit form. 
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Figure 3. The px distribution of the hadron-track background control sample. The data and the 
fitted shape are shown by solid circles and a line, respectively. The significance of the residuals 
between the data and the fit model on a bin- by-bin basis is shown at the bottom of the figure. 



5.2 Electrons failing to satisfy identification criteria 

The charged lepton background is mostly due to large bremsstrahlung where, predomi- 
nantly, low-pT electrons contribute to this background. Muons failing to satisfy the iden- 
tification criteria could be also classified as disappearing tracks; however, this contribution 
is negligibly small since the probability of bremsstrahlung photon emission is proportional 
to where is the lepton mass. 

In order to estimate the electron background, a control sample is defined by requiring 
the same kinematic selection requirements as for the signal search sample, but requiring 
one electron that fulfils "medium" identification criteria [15] and the isolated track selection 
criteria; the purity of electrons is close to 100% according to MC simulation. The 
spectrum of electrons without any identification requirements is obtained by applying the 
correction for the medium identification efficiency [15]. This efficiency depends on pi and 77, 
with an average value around 0.8. The distribution of electron background tracks is then 
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estimated by multiplying the corrected distribution (described above) by the probability of 
failing to satisfy the loose identification criteria (hence being retained in the signal search 
sample) and passing the disappearing-track selection criteria for electrons {V^^^). For the 
measurement of V^^^, a "tag-and-probe" method is applied to Z — )• ee events collected with 
unprescaled single-electron triggers. In order to ensure a very pure sample of Z — )• ee events, 
tag-electrons must be well isolated from jets and also required to fulfil "tight" identification 
criteria [15] and have > 25 GeV. First, the Z — )■ ee sample is selected by requiring no 
identified muons, at least one tag-electron and one high-px isolated track. Probe-electrons 
are selected without any identification requirements but with exactly the same high-px 
isolated track selection criteria used for chargino candidate tracks. Then, the reconstructed 
invariant mass is required to be within the range from 85-95 GeV; its value is calculated 
using the calorimeter energy for the tag and the track momentum for the probe. The track 
momentum is used for the probe electron, since in the absence of any electron identification 
the precise calorimeter energy is not well defined. The probability Vf^'^ is finally given by 
the fraction of events in which the probe-electron passes the disappearing-track selection 
criteria; it ranges from 10"'^ to 10~^ for 10 < px < 50 GeV. Due to too few data events, the 
nominal values of Vf^'^ are derived using MC events; no visible dependence on px is found, 
and the average V^^^ values for data and MC events agree within 13%, which is taken as a 
systematic uncertainty. 

Figure 4 shows the resulting px spectrum of electron background tracks; the systematic 
uncertainties on the identification efficiency are included. The px-dependent identification 
efficiency and V^^^ produce a complicated spectrum; therefore, the electron background 
shape is determined by a fit to an extended functional form (x -|- 6o)^V(^ + ^2)''''''''''' '"^^^^ 
where x = pt^^^^ and 6j {i = 0,1,2,3,4) are the fitted parameters. The P^r DOF is 
calculated to be 45/29. Using this function the number of electron background tracks in 
the signal search sample is estimated to be 115 it 15. Statistical errors and uncertainties on 
the identification efficiency and V^^'^ are considered in deriving the results. 



6 Estimate of systematic uncertainties 

The sources of systematic uncertainty on the signal expectation which have been consid- 
ered are the: theoretical cross-section, parton radiation model, jet energy scale (JES) and 
resolution (JER), trigger efficiency, pile-up modelling, track reconstruction efficiency, and 
the integrated luminosity. 

Theoretical uncertainties on the signal cross-section, already described in section 3, 
range from 6-8% depending on m-±. High-px jets originating from initial- and final-state 
radiation alter the signal acceptance. The uncertainties on these processes are estimated 
by varying generator tunes in the simulation as well as by generator-level studies with an 
additional jet in the matrix-element method using MadGraph5 [20]+Pythia6 [21], after 
applying the kinematic selection criteria. By adopting PDF tunes that provide less and more 
radiation and taking the maximum deviation from the nominal one, the uncertainty due to 
jet radiation is evaluated. The uncertainty arising from the matching of matrix elements 
with parton showers is found by doubling and halving the default value of the matching 
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Figure 4. The estimated px distribution of electron background tracks. The data and the fitted 
shape are shown by solid circles and a line, respectively. The error bars representing statistical 
errors and uncertainties on the identification efficiency are invisibly small. The significance of the 
residuals between the data and the fit model on a bin- by-bin basis is shown at the bottom of the 
figure. 



parameter [22]. The resulting changes are combined in quadrature and yield an uncertainty 
of 10-15% depending on m-±. The uncertainties on the JES and JER result in a variation 
of the signal selection efficiency; the variation of the signal selection efficiency arising from 
these uncertainties is assessed according to ref. [14], and an uncertainty of 5-10% is assigned. 
An uncertainty of 3% on the trigger efficiency is assigned by taking the difference between 
data and MC W ^ samples. The uncertainty originating from the pile-up modelling in 
the simulation is evaluated by weighting simulated samples so that the average number of 
pile-up interactions is increased or decreased by 10%; an uncertainty of 0.5% is assigned. 
The ID material affects the track reconstruction efficiency. An uncertainty of 2% on the 
tracking efficiency due to the material description in the MC simulation, in particular for 
tracks in the region of |?7| < 0.63, is taken from ref. [23]. The absolute luminosity of pp 
collisions is determined with an uncertainty of 3.9% [24, 25]. The contributions of each 
systematic uncertainty in the signal expectation are summarized in table 2 for the two 
reference signal samples. 

Systematic uncertainties on the background are determined from the statistical uncer- 
tainties on the fit parameters and the full correlation matrix. In addition, the 13% un- 
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certainty on the disappearing-track probability for electrons is considered (see section 5.2). 
Alternative fit functions for the shapes of the electron and interacting hadron tracks are 
also checked, showing that these agree with each other and with the original form within the 
fit uncertainties. The effect on the sensitivity to the signals due to the choice of functional 
forms is thus found to be negligible. 



Source 


m-± = 100 GeV [%] 

Al 


m-± = 200 GeV [%] 


(Theoretical uncertainty) 






Cross section 


7 


7 


(Uncertainty on the acceptance) 






Modeling of initial/final-state radiation 


10 


13 


JES/JER 


10 


6 


Trigger efficiency 


3 


3 


Pile-up modelling 


0.5 


0.5 


Track reconstruction efficiency 


2 


2 


Luminosity 


3.9 


3.9 


Sub- total 


15 


15 



Table 2. Summary of systematic uncertainties [%] on the expectation of signal events. 



7 Statistical analysis 

In order to evaluate how well the observed data agree with a given signal model, a statistical 
test is performed based on maximizing a likelihood. The likelihood function for the track 
P'j' in a sample of observed events (riobs) is defined as 

n nsTsjPT) + ?^h-^h(PT) + racJ"c(pT) ^ 

where Ug, and rie are the number of signal events for a given value of the chargino mass 
and lifetime, the number of interacting hadron track events, and the number of electron 
track events, respectively. The probability density function of the signal (J-'s) is defined for a 
given value of the chargino mass and lifetime, and that of the interacting hadron (electron) 
tracks, J^h (-^0)1 is shown in figure 3 (4). In the fit. He is constrained to be its estimated value 
(see section 5.2). The effects of systematic uncertainties on the normalizations and the shape 
parameters describing the two distributions of the background tracks are incorporated via 
the constraining terms, >Csys) representing the product of normal and multivariate-normal 
distributions in which the variances are set to their uncertainties. 

Figure 5 shows the distribution for the selected data events compared to the back- 
ground model obtained by the "background-only" fit in the range above 10 GeV. The 
best-fit values of rih and ric are 610 it 30 and 105 it 13, respectively. The probability of the 
fit to describe the data is 0.54. The numbers of expected background and observed tracks 
in the region p^ > 50 (100) GeV are 14.8 ± 0.3 and 19 (2.20 ± 0.05 and 1), respectively. 
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exhibiting no significant excess in the data. The selected examples for the signal are also 
shown in figure 5. The values of Us for them, derived from the "signal + background" fit, 
are found to be consistent with zero. 
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Figure 5. The pr distribution of candidate tracks. The solid circles show data and lines show 
background shapes obtained using the "background-only" fit. The contributions of two background 
components and the signal expectations are also shown. 



8 Results 

In the absence of a signal, constraints on 'm^± and t-± are set. The upper limit on the 
production cross-section for a given "i-± and r-± at 95% confidence level (CL) is set by a 
point where the CL of the "signal+background" hypothesis, based on the profile likelihood 
ratio [26] and the CLs prescription [27], falls below 5% when scanning the CL along var- 
ious values of signal strength. The constraint on the r-±-m-± parameter space is shown 
in figure 6. The expected limit is set by the median of the distribution of 95% CL lim- 
its calculated by pseudo-experiments with the expected background and no signal. The 
expected number of background events is derived from the background-only fit in the re- 
gion 10 < j?T < 50 GeV, where the systematic parameters are varied according to their 
systematic uncertainties when generating the ensemble of pseudo-experiments. 

Figure 7 shows the constraint on the Am^^-m^i parameter space of the minimal 
AMSB model. The limits on t-± are converted into limits on Am^^i following ref. [28]. The 
region excluded by the LEP2 searches [29-32] is also indicated. For Am^^ = 160 (170) MeV 
(r-± ~ 0.3 ns), the value most probable in the model, a new limit of m~± > 103 (85) GeV 

Xi Xi 

at 95% CL is obtained. For Am^^ ~ 140 MeV, a more stringent limit of ^n-^i > 260 GeV 
is set. 
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The analysis is not performed for signals having r^^^ > 10 ns (corresponding Am-^-^ being 
below the charged pion mass) because a significant fraction of charginos would traverse the 
ID before decaying, thereby reducing the event selection efficiency. These scenarios are 
considered as 'stable'. 




Figure 6. The constraint on the r-±-m~± space for tan/? — 5 and /i > 0. The black dashed 
line shows the expected limits at 95% CL, with the surrounding shaded bands indicating the la 
exclusions due to experimental uncertainties. Observed limits are indicated by the solid bold contour 
representing the nominal limit and the dotted lines on either side are obtained by varying the cross- 
section by the theoretical scale and PDF uncertainties. The previous result from ref. [3] and the 
combined LEP2 exclusion at 95% CL are also shown on the left by the dotted line and the shaded 
region, respectively. 



9 Conclusions 

The results of a search for the direct production of long-lived charginos in pp collisions 
with the ATLAS detector using 4.7 fb~^ of data have been presented in the context of 
AMSB scenarios. The search is based on the signature of a high-px isolated track with few 
associated hits in the outer part of the ATLAS tracking system, arising from a chargino 
decay into a neutralino and a low-pT pion. The pT spectrum of observed candidate tracks is 
found to be consistent with the expectation from SM background processes. Constraints on 
the chargino mass and the mass splitting between the lightest chargino and neutralino are 
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100 150 200 250 300 

m_± [GeV] 

Figure 7. The constraint on the Amj^-^-m^± space of the AMSB model for tan/3 = 5 and /i > 0. 
The dashed Hne shows the expected Hmits at 95% CL, with the surrounding shaded bands indicating 
the 1(7 exclusions due to experimental uncertainties. Observed limits are indicated by the solid bold 
contour representing the nominal limit and the dotted lines on either side are obtained by varying 
the cross-section by the theoretical scale and PDF uncertainties. The combined LEP2 exclusion at 
95% CL is also shown on the left by the shaded region. Charginos in the lower shaded region could 
have significantly longer lifetime values for which this analysis has no sensitivity. 



set. A chargino having a mass below 103 (85) GeV with a mass splitting of 160 (170) MeV, 
the most favoured scenario in the AMSB model, is excluded at 95% CL. This analysis 
provides a result complementary to the previous search based on signal production via the 
strong interaction [3] and improves the sensitivity. It also provides a largely AMSB-model- 
independent constraint on the chargino properties. From the viewpoint of self- annihilating 
dark matter, a wino-like lightest SUSY particle with a mass of 0(100) GeV as obtained 
in AMSB scenarios, which simultaneously explains the observations by PAMELA [33] and 
Fermi LAT [34] as well as the WMAP relic density data [35], is of particular interest; it could 
be addressed with an increased LHC energy, more integrated luminosity and an extension 
of the analysis using shorter tracks. 
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F. Crescioli^22a,i22b^ Cristinziani^i, G. Crosetti^^^'^^^, S. Crepe-Renaudin^^ 
C.-M. Cuciuc^^'^, C. Cuenca Almenar^''^, T. Cuhadar Donszelmann^^^, M. Curatolo^''', 
C.J. Curtisl^ C. Cuthbertiso, p. Cwetanski^o, H. Czivv^'^^ P. Czodrowski^^, 

Z. Czyczula^^^ S. D'Auria^^ M. D'Onofrio^^ A. D'Orazioi32a,i32b^ 
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C. Gemme^o^, A. Gemmell^^^ M.H. Genest5^ S. Gentile^32a,i32b^ George^^, 



- 21 - 



S. George''^, P. Gerlach^''^, A. Gershon^^^, C. Geweniger^*'^, H. Ghazlane^^^*^, 
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J.C HilP, K.H. Hiller''2, S. Hillert^i, S.J. Hillier^^ I. Hincllliffel^ E. Hines^^o^ 

M. Hirosc"^ F. Hirscli^^ D. Hirscllbuellll■^^ J. Hobbsl4^ N. Hod^^^^ 

M.C Hodgkinson^'^^, P. Hodgson^^^, A. Hocckcr'^'^, M.R. Hoeferkamp^'^^, J. Hoffman'^°, 
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D.O. Jamin^^\ D.K. Jana^^\ E. Janscn'^'^, H. Jansen^^, A. Jantsch^^, M. Janus^^, 
G. Jarlskog''^, L. Jeanty^^, I. Jen-La Plante^^, D. Jennens®^, P. Jenni^°, 
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V.A. Kazanin^o'^, M.Y. Kazarinov^^, R. Keeler^ea, RT. Keener^^o, R. Kehoe^^, M. Keil^^, 
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K.J.C. Leney^'^^^, T. Lenzl°^ G. Lenzen^^^ B. Lenzi^o, K. Leonhardt^^, S. Leontsims^", 
F. Lepold^S'^, C. Leroy^^ J-R. Lcssard^^s, c.G. Lester^s, CM. Lester^^o^ J. Leveque^ 
D. Levins'^, L.J. Levinson^'^^, A. Lewis^^®, G.H. Lewis^"*^, A.M. Leyko^^ M. Leyton^^, 

B. Li^^^ jj. Li^^s^ jj L Li^i, S. Li33b.*, X. Li^^, Z. Liang^i^,", H. Liao=*^, B. Liberti^^Sa^ 
P. Lichard^°, M. Lichtnecker^^, K. Lie^^^, W. Liebig^^, C. Limbach^^, A. Limosani^^, 

M. Limper62, S.C. Lin^^i.^;^ p Linde^^^ J.T. Linnemann^^ E. Lipeles^^o^ A. Lipniacka^^, 

T.M. Liss^''^ D. Lissauer^s, A. Lister^^ A.M. Litke^^?^ q Liu^^, D. Lm^^\ H. Liu^^, 

J.B. Liu^^ L. Liu^^ M. Liu^^b^ Y. Liu^^b^ ^/^^ ^^ivan^^^'''^^^^ , S.S.A. Livermorel^^ 

A. Lleres^^, J. Llorente Merino^°, S.L. Lloyd'^^, E. Lobodzinska'^^ , P. Loch^, 

W.S. Lockmani37^ Loddenkoetter^^ , F.K. Loebinger^^, A. Loginovl^^ C.W. Loh^^^ 

T. Lohse^^, K. Lohwasser^^, M. Lokajicek^^^, V.P. Lombardo^, R.E. Long'^^ L. Lopes^^^^, 

D. Lopez Mateos''^, J. Lorenz^^, N. Lorenzo Martinez^^^, M. Losada^^^, P. Loscutoff^^, 

F. Lo Sterzoi32a,i32b^ j Losty^^Sa,*^ X. Lou^\ A. Lounis^is^ K.F. Loureiroi62^ j. Love^, 

P.A. Love^i, A.J. Lowe^^s.e^ p Lu^-^^, H.J. Lubatti^^s^ C. Lucii32a,i32b^ Lucotte5^ 

A. Ludwig"^*^, D. Ludwig^^, L Ludwig^^, J. Ludwig*^*, F. Luehring^'', G. Luijckx^°^, 

W. Lukas^^, L. Luminari-'^^2a^ g Lund^-*^^, B. Lund-Jensen^^^, B. Lundberg^^, 

J. Lundbergi^s^'i^'Sb^ q. Lundbergi''6a,i46b^ j Lundquist^^, M. Lungwitz^\ D. Lynn^^, 

E. Lytken^^ H. Ma^^ L.L. Ma^^^^ G. Maccarronc-^^ A. Macchiolo^^ B. Macek^^, 
J. Machado Migucns^24a^ Mackeprang^'^ , R.J. Madaras^^, H.J. Maddocks'''\ 

W.F. Mader"^"^, R. Maenner'^'^^ T. Maeno^^, P. Mattigl^^ S. Mattig^S L. Magnoni^^^^ 
E. Magradze^"^, K. Mahboubi''^ J. Mahlstedtl°^ S. Mahmoud^^^ G. Mahoutl^ 
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C. Maiani^^e^ q Maidantchik^^^, A. Maioi24a,b^ s. Majewski^s, Y. Makida^s, 

N. Makovec"^ P. Mal^^e^ g Malaescu^o, Pa. Malecki^^, P. Malecki^^, V.P. Maleev^^i, 

F. Malek^s, U. Mallik^^, D. Malon^, C. Malone^^^ S. Maltezos^°, V. Malyshev^^^, 
S. Malyukov^°, R. Mameghani^^, J. Mamuzic^^'', A. Manabe^^, L. Mandelli^^^, 

1. Mandic'''^, R. Mandrysch^'^^ j Maneira^^^^, A. Manfredini'^'^, P.S. Mangeard^^, 

L. Manhaes de Andrade Filho^'^'^, J. A. Manjarres Ramos^^^, A. Mann^*^, 

P.M. Manningi^'^, A. Manousakis-Katsikakis^, B. Mansoulie^^'^, A. Mapelli^^, 

L. Mapelli^°, L. March^'^'^, J.F. Marchand^^, F. Marchese^^^*'^^^^, G. Marchiori'''^, 

M. Marcisovsky^^^, CP. Marino^^^, F. Marroquim^^^, Z. Marshall^", F.K. Martens^^^, 

L.F. Marti^^, S. Marti-Garcia^^^, B. Martin^°, B. Martin^^, J.P. Martin''^, T.A. Martin^^, 

V.J. Martin^'5, B. Martin dit Latour^^, S. Martin-Haugh^^'^, M. Martinez^^^ 

V. Martinez Outschoorn^'^, A.C. Martyniuk^'^^, M. Marx^^, F. Marzano^-'^^^, A. Marzin^^\ 

L. Masetti^^ T. Mashimo^^^, R. Mashinistov^^, J. Masik^^, A.L. Maslennikov^^'^, 

I. Massa^^'^'^o'^, G. Massaro^°^, N. Massol^, P. Mastrandrea^^*, A. Mastroberardino^^'^'^''''^, 

T. Masubuchi^s^ P. Matricon^^^^ jj. Matsunaga^^^, T. Matsushita^^, C. Mattravers^^^'^ 

J. Maurer^^, S.J. Maxfield'''^, A. Mayne^^^, R. Mazini^^^ M. Mazur^^ 

L. Mazzaferro 133a, 133b ^ ^/^^ Mazzanti^Q^^, J. Mc Donald^s, S.P. Mc Kee^^, A. McCarn^^^ 

R.L. McCarthyi'^s^ T.G. McCarthy^^, N.A. McCubbini^s, K.W. McFarlane^^,*^ 

J.A. Mcfaydcni39^ q Mchedlidze^i'^, T. Mclaughlani^ S.J. McMahon^^Q^ 

R.A. McPherson^^^'*^, A. Meade*^^, J. Mechnich^o^ M. Mechtell■^^ M. Medinnis^^^ 

R. Meera-Lebbaiii\ T. Meguro^^^, S. Mehlhase^^, A. Mehta^^, K. Meier^^^, B. Meirose^*^, 

C. Melachrinos^S B.R. Mellado Garcia^^^^ p Meloni^^^'^^^, L. Mendoza Navas^^^ 
Z. Mengisi-'^, A. Mengarelli^o^'^Ob^ s. Menke^^, E. Meonii^i, K.M. Mercurio^'^, 

P. Mcrmod^s, L. Mcrolai02a,i02b^ q Mcroni^^a^ p g Mcrritt^i, H. Merritt^o^, 
A. Messina^O'^, J. Mctcalfc^^, A.S. Mcte^^^ C. Meyer^i, C. Meyer^i, J-P. Meyer^^e^ 
J. Meyer^^^, J. Meyer^^, T.G. Meyer^o, S. MichaF, L. Micu^^^, R.R Middleton^^s, 
S. Migas'''^, L. Mijovic^^^, G. Mikenberg^'''^, M. Mikestikova^^^, M. Mikuz'''^, 

D. W. MiUer^i, R.J. Miller^^, W.J. MiUs^^s^ q MiUs^^ A. Milov^'^^ 

D. A. Milsteadi'^^^'i'isb^ Milstein^'^^ A.A. Minaenko^^s^ Miiiano Moya^^T^ 

LA. Minashvili*'"^, A.I. Mincer^^®, B. Mindur^*, M. Mineev'^^, Y. Mingl'^'^ L.M. Mir^^, 

G. Mirabellii32a^ j_ Mitrevskii37^ V.A. Mitsou^^^^ S. Mitsui6^ P.S. Miyagawa^^Q^ 
J.U. Mjornmark^^^ t. Moa^^'^^'i^^'^, V. Moeller^^, K. Monig^^ N. Moser^^, 

S. Mohapatra^^^, W. Mohr4^ R. Moles- Valls^^^, A. Molfetas^o, J. Monk^'^, E. Monnier«^ 

J. Montejo Berlingen^^, F. Monticelli™, S. Monzani^"^'^"^, R.W. Moore^, 

G.F. Moorhcad^^, C. Mora Herrera^^, A. Moraes^^^ Morange^^e^ Morel^^, 

G. Morcllo'"^'-'^^^, D. Moreno*^ M. Moreno Llacer^^^^, P. Morettini^^^, M. Morgenstern^'', 

M. Morii^'^, A.K. Morley^^, G. Mornacchi^^, J.D. Morris'^^, L. Morvaj^^S H.G. Moser^^, 

M. Mosidze^i'', J. Moss^^^, R. Mount^^^^ p Mountricha^O'?', S.V. Mouraviev^^'*, 

E. J.W. Moyse^^, F. Mueller^^^, J. Mueller^^s^ MueUer^i, T.A. MiiUer^^ T. Mueller^S 
D. Mucnstermann^o, Y. Munwcs^^'^^, W.J. Murray^^^^, I. Mussche^"^, E. Musto^^^'^'io^b^ 
A.G. Myagkov^^s^ ^/^^ Myskai25^ O. Nackenhorst^^, J. Nadal^^ K. Nagai^^", R. Nagai^^^ 
K. Nagano'^^, A. Nagarkar^"^, Y. Nagasaka^'^, M. Nagel'^^, A.M. Nairz^^, Y. Nakahama^^, 
K. Nakamura^^^, T. Nakamura^^^ , I. Nakano^^^, G. Nanava^^ A. Napier^'^^ 
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R. Narayan^^^, M. Nash'^'^''=, T. Nattermann^i , T. Naumann^^^ q Navarro^*^^, 

H.A. NeaF, P.Yu. Nechaeva9^ T.J. Neep^^ A. Negri^^^'^'^^'^, G. Negrito, M. Negrim^o^^ 

S. Nektarijevic^'', A. Nelson^^^^ ^.K. Nelson^''^^, S. Nemecek^^s^ p Nemethy^os, 

A.A. Nepomuceno^^^, M. Nessi^°'^, M.S. Neubauer^^^, M. Neumann^'''^, A. Neusiedl^^, 

R.M. Neves^°^, P. Nevski^^, F.M. Newcomer^^o^ p Newman^^, V. N guyen Thi Hong , 

R.B. Nickerson^^^, R. Nicolaidou^^^, B. Nicquevert^°, F. Niedercorn^^^, J. Niclsen^^''', 

N. Nikiforou^s, A. Nikiforov^^ V. Nikolaenko^^s, I. Nikolic- Audit K. Nikolics^^, 

K. Nikolopoulos^*, H. Nilsen''^, P. Nilsson^, Y. Ninomiya^^^, A. Nisatii32a^ Nisius^'^, 

T. Nobe^^^, L. Nodulman^, M. Nomachi^^^, I. Nomidis^^^, S. Norberg^^^ M. Nordberg^o, 

P.R. Norton^^g^ j Novakova^^e^ Nozaki^^, L. Nozka^^^, I.M. Nugent^^''^, 

A. -E. Nuncio-Quiroz^^, G. Nuncs Hanningcr*^®, T. Nunncmann^^, E. Nurse''"'', 

B. J. O'Brien^^ D.C. CNeil^^^ V. O'Shea^^^ L.B. Oakes^s, E.G. Oakham^S''^, 

H. Oberlack^^ J. Ocariz'^^ A. Ochi^^, S. Oda^^ S. Odaka^^ J. Odier^^ H. Ogren^^, 

A. Oh82, s jj Qj^45^ Q Q Ohm^o, T. Ohshima^"!, W. Okamura^l^ H. Okawa^^, 

Y. Okumura^\ T. Okuyama^^^, A. Olariu^^a^ A.G. Olchevski^^, S.A. Olivares Pino^^a^ 

M. 01iveirai24a,h^ q Oliveira Damazio^^, E. Oliver Garcia^^^, D. Olivito^^^, 

A. 01szewski39, J. Olszowska^^, A. Onofre^^^a'"'^, P.U.E. Onyisi^i, C.J. Orami^^^, 

M.J. Oreglia^i, Y. Oreni^s, D. Orestanoi34a,i34b^ ^ Orlando72a,72b^ j Orlov^o^ 

C. Oropcza Barrcra^-l R.S. Orr^^l B. Osculati^o^'^o^, R. Ospanoyi^o, C. Osunal^ 

G. Otero y Garzon^'^, J.P. OttersbachlO^ M. Ouchrifi^^^i, E.A. Ouellette^^^ 

F. Ould-Saada^i^, A. Ouraou^^^ Q. Ouyang^^^^, A. Ovcharova^^ M. Owen^^ S. Owen^^g^ 
V.E. Ozcan^^^, N. Ozturk^, A. Pachcco Pages^^, C. Padilla Aranda^^, S. Pagan Griso^^, 
E. Paganis^^g^ q pahp, F. Paige^^, P. Pais^^, K. Pajchel^^^ G. Palacinoi^^b^ 
CP. Paleari^ S. Palestini^o, D. Pallin3^ A. Palma^^^a^ j.d. Palmer^^ Y.B. Pan^^^ 

E. Panagiotopoulou^'^, J.G. Panduro Vazquez^^, P. Pani^*^^, N. Panikashvili^^, 

S. Panitkin^s, D. Pantea^^a, A. Papadelis^^^^, Th.D. Papadopoulou^^, A. Paramonov^, 

D. Paredes Hernandez^^, W. Park25.»6, M.A. Parker^^, F. Parodi5°^'^°'^, J.A. Parsons^^, 
U. Parzefall"'^, S. Pashapour^^, E. Pasqualucci^^^'^, S. Passaggio^''°^, A. Passeri^^^^, 

F. Pastorei34a,i34b,*^ Pastore^^ G. Pasztor''9'"^ S. Pataraia^^^ N. Patel^^o, 
J.R. Pater^^^ S. Patricellii02a,i02b^ rj. p^ulySO^ m. Pecsy^'^'^^, S. Pedraza Lopez^^?^ 

M.I. Pedraza Morales^^^, S.V. Peleganchuk^^^, D. Pelikan^^^^ jj Peng^^b^ B. Penning^i, 

A. Penson^^, J. PenwelP, M. Perantoni^^^, K. Perez^^'"*^, T. Perez Cavalcanti^^ 

E. Perez Codina^^^^, M.T. Perez Garcia-Estafi^^''', V. Perez Reale^^ L. Perini^'^^'^^'', 

H. Perneggcr"^", R. Perrino^^^, P. Perrodo^, V.D. Peshekhonov^^, K. Peter s^'^, 

B. A. Pctcrscn^o, J. Petersen^o, T.C. Petersen^^, E. Petit^, A. Petridis^^^, C. Petridou^^^, 
E. Pctroloi32a^ F. Petruccii34a,i34b^ j3 Petschull^^ M. Petteni^^^ R. Pezoa^^b, A. Phan^^ 
P.W. Phillips^^g^ q Piacquadio^o, A. Picazio^^, E. Piccaro^^ M. Piccinini20a'20b^ 

S.M. Piec^2^ Piegaia^'^, D.T. Pignotti^^^, J.E. Pilcher^^ A.D. Pilkington82 , 
J. Pinai24a,6^ M Pinamonti^^^^'^6''^ A. Pinder^^^, J.L. Pinfold^ B. Pintoi24a^ 

C. Pizio^^'"'^''^, M. Plamondoni69, M.-A. Plcicr^l E. Plotnikova^'^, A. Poblagucv^^, 
S. Poddar5^^ F. Podlyski^"^, L. Poggiolill^ D. Pohl^i, M. Pohl-^^, G. Polesello^i^'^, 
A. Policicchio^'''*'^^^, A. Polini^°'', J. Poll'''^, V. Polychronakos^^ , D. Pomeroy^^, 

K. Pommes3°, L. Pontecorvo^^^a^ g q Pope^^, G.A. Popeneciu^^*, D.S. Popovic^^^, 
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A. Poppleton^o, X. Portell Bueso^^, G.E. Pospelov^^, S. Fospisil^^T^ Potrap^^, 

C. J. Potter^^^ C.T. Potter^^^, G. Poulard^o, J. Poveda<^°, V. Pozdnyakov^^, R. Prabhu^^ 
P. Pralavorio^^, A. Pranko^^, S. Prasad^", R. Pravahan^^, S. PrelF, K. Pretzl^^, 

D. Price^°, J. Price^^, L.E. Price^, D. Prieur^^a^ jyj Primavera^^a^ Prokofiev^o^, 

F. Prokoshin^^^, S. Protopopescu^^, J. Proudfoot^, X. Prudent^^, M. Przybycien^^, 
H. Przysiezniak^ , S. Psoroulas^^, E. Ptacek^^^, E. Pueschel^^, J. Purdham^^, 

M. Purohit^s."^, p. Puzo^is^ Y. Pylypchenko62, J. Qian^^^ ^ Quadt^^, D.R. Quarrie^^, 

W.B. Quayle^^^ F. Quinonez32a, M. RaaslO^ V. Radeka^^, V. Radescu^^ P. Radloff^^^, 

T. Rador^^a^ p Ragusa^''^'^'^^, G. Rahal^^^ A.M. Rahimi^o", D. Rahm^s, 

S. Rajagopalan^^, M. Rammensee^^, M. Rammes-^^^, A.S. Randle-Conde^°, 

K. Randrianarivony^^, F. Rauscher^^, T.C. Ravc^^, M. Raymond^", A.L. Rcad-^^''', 

D. M. Rcbuzzi"9^'ii9b^ a. Redelbach^'^^ G. Redlingcr^s, R. Rcccc^^o, K. Reeves^\ 

E. Rcinhcrz-Aronis^^^, A. Reinsch^^^, L Reisinger'^'^, C. Rembser'^*', Z.L. Ren^^^, 
A. Renaud^^^, M. Rescigno^^^a^ g Resconi^^'^, B. Resende^^^, P. Reznicek^^, 

R. Rezvani^s^, R. Richter^'', E. Richter-Was^'"^, M. Ridel^^, M. Rijpstra^°^ 
M. Rijssenbeeki^^, A. Rimoldi^^^a^igb^ l Rinaldi^o^, R.R. Rios^'o, I. Riu^^ 

G. Rivoltella89'^'89b, p. Rizatdinova^i^^ E. Rizvi^^^ S.H. Robertson^s.'^, 

A. Robichaud-Veronneau^^^, D. Robinson^®, J.E.M. Robinson^^^ A. Robson^^, 

J.G. Rocha de Lima^o^ c. Rodai22a,i22b^ p ^ioda Dos Santos^o, A. Roe^^, S. Roe^o, 

O. R0hne^^\ S. Rolliif^\ A. Romaniouk^e, M. Romano^^^'^ot^, G. Romeo^'^, 

E. Romero Adam^^^, N. Rompotis^^^, L. Roos^^, E. Ros^^^, S. Rosati^^^^, K. Rosbach^'^, 

A. Rose^^^, M. Rose'^^, G.A. Rosenbaum^^^, E.L Rosenberg^^ P.L. Rosendahl^^, 

O. Rosenthal^^S L. Rosselet^^, V. Rossetti^^, E. Rossi^32a,i32b^ l Rossi^"'^, 

M. Rotaru26a^ i. Roth^'^^^ j Rothberg^^s, D. Rousscau"^ C.R. Royon^^e, A. Rozanov^^, 

Y. Rozen^52^ x. Ruan^s^,"/^ p Rubbo^^^ j Rubinskiy42, N. Ruckstuhl^o^ V.L Rud^^, 

C. Rudolph^'', G. Rudolph^^ P. Riihr^, A. Ruiz-Martinez^^^, L. Rumyantsev^^, 

Z. Rurikova^^, N.A. Rusakovich^^, A. Ruschke''^, J.P. Rutherfoord^, P. Ruzicka^^s^ 

Y.F. Ryabovi2i, M. Rybar^^e, G. Rybkin^is, N.C. Ryder^i^, A.F. Saavedra^^o, 

L Sadeh^ss^ H.F-W. Sadrozinski^^T^ ^ Sadykov^^, F. Safai Tehranii32a^ Sakamotol5^ 

G. Salamanna^^ A. Salamon^^Sa^ Saleemi^\ D. Salek^", D. Salihagic^^, A. Salnikov^^^ 

J. Salt^^^ B.M. Salvachua Ferrando^, D. Salvatore^^^'^^b^ p. Salvatore^^^ A. Salvucci^^^, 

A. Salzburgcr^o, D. Sampsonidis^^^, B.H. Samset^^^, A. Sanchezi°2a,i02b^ 

V. Sanchez Martinez^^^^ H. Sandakerl^ H.G. Sander«\ M.P. Sanders^^, M. Sandhoff^^^^ 

T. Sandoval28, C. Sandovali62, R. Sandstroem^^ D.P.C. Sankeyi29^ a. Sansoni^^, 

C. Santamarina Rios^^, C. Santoni^^, R. Santonico^^^**'^^^*^, H. Santos^24a^ 
J.G. Saraiva-^24a^ rj, garangi-'^''^, E. Sarkisyan-Grinbaum^, F. Sarri^22a,i22b^ 

G. Sartisohn^'^^ O. Sasaki^s, Y. Sasaki^^s^ N. Sasao^^ I. Satsounkevitch^o, G. Sauvage^-*, 
E. Sauvan^, J.B. Sauvan^i^ P. Savard^ss-d, V. Savinovi23, D.O. Savu^o, L. Sawyer25.™, 

D. H. Saxon53, J. Saxoni20^ q gbarra^o^, A. Sbrizzi20^'20b^ p)_A. Scannicchio^6^ 
M. Scarcellai^o, J. Schaarschmidtii^^ P. Schacht^^ D. Schaeferi20, U. SchaferS\ 
A. Schaelickc'^^ S. Schaepe2i, S. SchaetzeF^, A.C. Schaffcr"^ D. Schaile^^, 

R.D. Schamberger^'^^ A.G. Schamov^o^ V. Scharf^^^, V.A. Schegelskyi2i^ j^^ Scheirich^^ 
M. Schernau^63^ M.I. Scherzer^^, C. Schiavi^^'^'^o^, J. Schieck9^ M. Schioppa^'^^'^^b^ 
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S. Schlenker^o, E. Schmidt^^ K. Schmieden^i, C. Schmitt^^ S. Schmitt^^'^, M. Schmitz^i, 
B. Schneider^^, U. Schnoor^^, L. Schoeffel^^^, A. Schoening^®'', A.L.S. Schorlemmer^^, 
M. Schott=^°, D. Schouteni59a, J. Schovancova^^s^ Schram^^ C. Schroeder^S 
N. Schroer^s^, M.J. Schultens^i, J. Schultesl^^ H.-C. Schultz-Coulon^s^, H. Schulz^^ 
M. Schumacher^^, B.A. Schumm^^^, Ph. Schune^^^, C. Schwanenberger^^, 

A. Schwartzman^^^, Ph. Schwegler^^, Ph. Schwemhng'''^, R. Schwienhorst^^, R. Schwierz^^, 
J. Schwmdhngi36, T. Schwindt^i, M. Schwoerer^, G. Sciolla^^, W.G. Scott^^g^ 

J. Searcy"^^ G. Sedov*^, E. Sedykh^^i, S.C. Seidel^^^ A. Seideni37, p. Seifert4^ 
J.M. Seixas^^a, G. Sekhniaidze^^^a^ g j gekula^^, K.E. Selbach^^ D.M. SeHverstov^^i^ 

B. Sellden^^sa^ q gellers'^^, M. Seman^^^'', N. Semprini-Cesari20^>20b^ q Serfon^^ 
L. Scrini^'l L. Scrkilr'^^ R. Scustcr^^'^^^, H. Severimi^\ A. Sfyrla^o, E. ShabaUna^^ 

M. Shamim^^^, L.Y. Shan^^^, J.T. Shank^^, Q.T. Shao'^^ M. Shapirol^ P.B. Shatalov9^ 

K. Shaw^^'^'^'i^^^ D. Sherman^^^ P. Sherwood'^^ S. Shimizuio\ M. Shimojimai°°, 

T. Shin^e, M. Shiyakova6^ A. Shmeleva9^ M.J. Shochet^i, D. Short^^^^ S. Shrestha^^, 

E. Shulga^e, M.A. Shupe^ P. Sicho^^s^ a. Sidotii32a^ p Siegert4^ Dj. Sijacki^^a^ 

O. Silbert^^^ J. Silva^'^^^, Y. Silveri^s, D. Silversteini^^ S.B. Silversteini^ea^ y. Simak^^^, 

O. Simard^^^, Lj. Simic^^'^, S. Simion^^^, E. Simioni®^, B. Simmons^'^, R. Simoniello^^^'^^^, 

M. Simonyan^^, P. Sinervo^^^, N.B. Sinev-^^^, V. Sipica^^^^, G. Siragusa^^^, A. Sircar^^, 

A.N. Sisakyan^^'*, S.Yu. Sivoklokov^^ J. Sj6Hni^6a,i46b^ rp g Sjurseni^, L.A. Skinnari^^ 

H.P. Skottowe^^ K. Skovpen^o^ P. Skubic^^^ M. Slater^^ T. Slavicek^^^^ K. Shwa^", 

V. Smakhtin^^^ B.H. Smart4^ L. Smestad^^^ S.Yu. Smirnov9^ Y. Smirnov''^ 

L.N. Smirnova^^ O. Smirnova^^ B.C. Smith^^ D. Smith^^^^, K.M. Smith^^, 

M. Smizanska^i, K. Smolek^^?^ Snesarev^^, S.W. Snow*^ J. Snowii\ S. Snyder^^, 

R. Sobiei69.^', J. Sodomkai^^, A. Sofferi^s^ c.A. Solansi67, M. Solar^^^^ J. Solci27^ 

E.Yu. Soldatov9^ U. Soldevila^^?^ Solfaroh Camilloccii32a,i32b^ Solodkov^^s^ 

O.V. Solovyanovi28, V. Solovyev^^i^ go^ii, y. Sopko^^^, b. Sopko^^^, m. Sosebee^ 

R. Soualahi64a,i64c^ a. Soukharev^o^ S. Spagnolo^2a,72b^ p Spano^^^ R. Spighi^o^ 

G. Spigo^o, R. Spiwoks^o, M. Spousta^^e.ag^ t. Spreitzer^^s, B. Spurlock^, 

R.D. St. Denises, J. Stahlman^^o^ ^ Stamen^^a^ E Stanccka^^, R.W. Stanek^ 

C. Stancscu^^^^, M. Stanescu-Bellu''^ M.M. Stanitzki^^ S. Stapnes^^^ 

E.A. Starchenkol2^ J. Stark5^ P. Staroba^^s^ p_ starovoitov^^ R. Staszewski^^, 

A. Staude9^ P. Stavina^^^^'* , G. Steele^^, P. Steinbach^^, P. Steinberg^^, I. Stekl^^T^ 

B. Stelzer^^^ H.J. Stelzer«^ O. Stelzer-Chiltoni^Sa^ h. Stenzel^^^ S. Stern^^ 
G.A. Stewart^o, J.A. StiUings^i, M.C. Stockton^s, K. Stoerig^s, G. Stoicea^^^ 

S. Stonjek^^, P. Strachota^^^, A.R. Stradhng^, A. Straessner^^, J. Strandberg-'^'^'^, 
S. Strandbergi46a,i46b^ StrandUe"^ M. Strang^o^, E. Strauss^^s, M. Strauss^ii, 
P. Strizenec^^'^'^, R. Strohmeri^^^ D.M. Strom"'^, J.A. Strong'^^,*^ Stroynowski^o, 
B. Stugul^ I. Stumer^S'*, J. Stupak^^^^ P. Sturm^^s^ N.A. Styles42, D.A. Soh^si.", 

D. Su^^^ HS. Subramania^ R. Subramaniam^^ , A. Succurro^^ Y. Sugaya^^^ G. Suhr^^^, 
M. Suki26^ Y Suhn^"^, S. Sultansoy'''^, T. Sumida'^^ X. Sun^^ J.E. Sundcrmann''^ 

K. SuruUzi39, G. Susinno^^a.STb^ ^/^ j^ Sutton^''^ Y. Suzuki6^ Y. Suzuki^^ M. Svatos^2^ 
S. Swedishl*^^ I. Sykora^^^^, T. Sykora^^e^ J. Sanchez^ST^ rp^^ios^ ^ Tackmann^^ 
A. Ta^fard^6^ R. Tafirout^^^^', N. Taiblum^^^^ Y. Takahashi^°i, H. Takai^^, 



-28- 



R. Takashima^s, H. Takeda^^ T. Takeshita^^°, Y. Takubo^^, M. Talby^^ 

A. Talyshev^O'^'^, M.C. Tamsett^^, K.G. Tan^e, J. Tanaka^^^ R. Tanakall^ S. Tanaka^^S 
S. Tanaka^^, A.J. Tanasijczuk^^^ K. Tani^^^ Tannoury^^, S. TapproggeS\ D. Tardif^5^ 
S. Tarem^s^ F. Tarrade^^, G.F. Tartarem^^^, P. Tas^^e^ jyj Tasevsky^^s^ g Tassi^^^'^'^^, 
M. Tatarkhanov^^ Y. Tayalati^^^*^, C. Taylor^'^, F.E. Taylor^^, G.N. Taylor^e, 

W. Taylor^^^'', M. Tcinturier^^^, F.A. Teischinger^'^, M. Teixeira Dias Castanheira^^, 

P. Teixeira-Dias^^ K.K. Temming'^^ H. Ten Kate^o, P.K. Teng^^i, S. Terada6^ 

K. Terashi^^^^ j_ Terron^o, M. Testa^^, R.J. Teuscher^^s.fc^ j_ Therhaag^^, 

T. Theveneaux-Pelzer'^^, S. Thoma^^, J.P. Thomas^^, E.N. Thompson's, 

P.D. Thompson^^, P.D. Thompson^^^, A.S. Thompson^', L.A. Thomsen'^, 

E. Thomson^^o^ Thomson^s, W.M. Thong^s^ R.P. Thun^^ F. Tian-'^'l M.J. Tibbctts^^ 

T. Tic^^^, V.O. Tikhomirov^^, Y.A. Tikhonov^'^^'''^, S. Timoshenko^^, E. Tiouchichine^', 

P. Tipton^^^, S. Tisserant^', T. Todorov^, S. Todorova-Nova^^^, B. Toggerson^^', 

J. Tojo^^ S. Tokar^^'^'^, K. Tokushuku^s, K. TollefsonSS, M. Tomotoi°i, L. Tompkins'i, 

K. Toms^°', A. Tonoyan^^, C. Topfel^^, N.D. Topilin^^, I. Torchiani'^, E. Torrence^^^, 

H. Torres^^, E. Torro Pastor^^'^, J. Toth^^'"^, F. Touchard^', D.R. Tovey^^'', 

T. Trefzger^^^, L. Tremblet'", A. Tricoli'O, I.M. Trigger^^Sa^ g Trincaz-Duvoid^^, 

M.F. Tripiana^o, N. Triplett^s, W. Trischuki^^, B. Trocme^^ C. Troncon^s^, 

M. Trotticr-McDonald^'^^ P. True^^ M. Trzcbinski''^^, A. Trzupek'^ C. Tsarouchas'°, 

J.C-L. Tseng"^ M. Tsiaki^isl°^ P.V. Tsiareshka^o, D. Tsionou^'''^, G. Tsipolitis^o, 

S. Tsiskaridze^^, V. Tsiskaridze^^, E.G. Tskhadadze^^^, I.I. Tsukerman^^^, V. Tsulaia^^, 

J.-W. Tsung2i, S. Tsuno6^ D. Tsybychevl^^ A. Tua^^^^ A. Tudorache^^^, 

V. Tudorachc^ea, J.M. Tuggle'i, M. Turala'^, D. Turecek^^T^ j rj^^^y. Cakir4^ E. Turlayl°^ 

R. Turra^s^''^^^, P.M. Tuts'S, A. Tykhonov^^, M. Tylmad^-^^a.MGb^ Tyndcli29, 

G. T^anakos^ K. Uchida^i, I. Ueda^^^, R. Ueno^^, M. Ugland^^, M. Uhlenbrock^i, 

M. Uhrmacher^^, F. Ukegawa^^^, G. UnaF, A. Undrus^^, G. Unel^^', Y. Unno^^, 

D. Urbaniec=^5, P. Urquijo^i, G. Usai^ M. Uslenghiii^^'ii^b^ l. Vacavant^^ V. Vacek^^^, 

B. Vachon^s, S. Vahsen^^, J. Valenta^^s, S. Valentinetti^o^'^ob, A. Valero^^^, s. Valkar^^e, 

E. Valladolid Gallegoi^^ S. Vallecorsai^^^ J.A. Vails Ferrer^^^ R. Van Berg^^o, 

P.O. Van Dcr Deijl^^^, R. van der Geer^^^, H. van der Graaf^^^, R. Van Der Leeuw^^^, 

E. van der Poel^^^, D. van der Ster''^, N. van Eldik^'', P. van Gemmeren^, 

I. van Vulpen^o^ M. Vanadia^^ W. Vandelli=^°, A. Vaniachine^ P. Vankov^^^ 

F. Vannucci'^^, R. Vari^'^a^ Varol^^, D. Varouchas^^, A. Vartapetian^, K.E. Varvell^^", 
V.I. Vassilakopoulos5^ F. Vazeille'^, T. Vazquez Schroeder^^, G. Vegni^s^'SSb^ 

J.J. Veillet"^ F. Veloso^24a^ ^ Veness'O, S. Venezianoi'Sa^ a. Ventura72a,72b^ 

D. Ventura^^, M. Venturi^^, N. Venturi^"'^'^, V. Vercesi^i^^, M. Verducci^'S^ ^^ Verkerke^°s, 

J.C. Vermeuleni05, A. Vest"^"^, M.C. Vetterli^^^,^^ j_ Vichoui^s, T. Vickeyi^'^'^'", 

O.E. Vickey Boeriu^^'Sb, G.H.A. Viehhauserll^ S. Viel^^^, M. Villa^o^'^ob, 

M. Villaplana Perez^^^ E. Vilucchi^^ M.G. Vincter^^, E. Vinek'O, V.B. Vinogradov^'', 

M. Virchaux^'^^-*, J. Virzi^^ O. Vitells^^^^ M. Viti'^^ I. Vivarelli''^ F. Vivcs Vaquc^ 

S. Vlachosi^ D. Vladoiu'^^ M. Vlasak^^?^ Vogcl^i, P. Vokac^^^, G. VolpF, M. Volpi^^ 

G. Volpini^^'*, H. von der Sclimitt^^, H. von Radziewski^^ , E. von Toerne^^, V. Vorobel^^^, 
V. Vorwerk^^ M. Vos^^^ R. Voss'O, T.T. Vossl^^ J.H. Vossebeld^'^ N. Vranjesl'^ 



-29- 



M. Vranjes Milosavljcvic^^^, V. Vrba^^^, M. Vreeswijk^°^, T. Vu Anh*^^, R. Vuillermet^°, 
1. Vukotic3\ W. Wagnerl■^^ P. Wagner^^o, H. Wahlen^^^ S. Wahrmund-^^, 
J. Wakabayashiioi, S. Walch^^ J. Walder^^ R. Walker9^ W. Walkowiak^^S R. Wall^^^ 
R Waller^^ B. Walsh^^^ C. Wang^^ H. Wang^^^ H. Wang^^b.aj', j. Wang^^i, J. Wang^s, 
R. Wangi03, s.M. Wang^^i, T. Wang^^, A. Warburton^s^ CP. Ward^^, D.R. Wardrope^^, 
M. Warsinsky'^s^ A. Washbrook^^ C. Wasicki^^^ I. Watanabc^^, P.M. Watkins^^ 

A. T. Watson^s, I.J. Watson^so, M.F. Watsoni^ G. Watts^^^ S. Watts^^ A.T. Waugh^^o, 

B. M. Waugh", M.S. Weber^'^, P. Weber^^, J.S. Webster^i, A.R. Weidbergi^^ 

P. Weigell^s, J. Weingarten5^ C. Weiser^^ P.S. Wells^^^, T. Wenaus^^, D. Wendlandl^ 
Z. Wengi^i'", T. Wengler^^, S. Wenig^o, N. Wermes^^, M. Werner^^ P. Werner^o, 
M. Wcrth^^'l M. Wcsscls^S'^, J. Wetter^^\ C. Wcydcrf^^ K. Whalcn^^, A. Whitc^ 
M.J. Whitc^^ S. Whitei22a,i22b^ g Whitehead^^^ D. Whiteson^^^ D. Whittington^o, 

F. Wicek^i^ D. Wicke^"^^, F.J. Wickens^^s, W. Wiedenmann^'^^^ M. Wielers^^g^ 
P. Wienemann^^, C. Wiglesworth^^, L.A.M. Wiik-Fuchs^^, P.A. Wijeratne^'^, 

A. Wildauer99, M.A. Wildt''^.^, 1. Wilhelmi^e, H.G. Wilkens^^, J.Z. WilF, E. Williams^^ 

H. H. WiUiamsi20^ ^^ Willis^^^ S. Willocq^'', J.A. Wilsonl^ M.G. Wilsoni^^ A. Wilson^^, 

I. Wingerter-Seez^, S. Winkelmann"'^, F. Winklmcicr^^, M. Wittgen^^^, S.J. WoUstadt^^, 
M.W. Wolter^s, H. Woltersi^^a,/^^ ^^ q Wong'^i, G. Wooden*^^ B.K. Wosiek^^, 

J. Wotschack-^o, M.J. Woudstra^^^ K.W. Wozniak^^ K. Wraight^^ M. Wright^^^ 

B. Wrona'^^ S.L. Wu^^^^ X. Wu^^ Y. Wu^-'^^'"'^', E. Wulf3^ B.M. Wynne^^ S. Xella^^, 

M. Xiao^3^ S. Xie^«, G. Xu^^^^'f , D. Xu^^^ B. Yabsley^^°, S. Yacoob^'^^^'"', M. Yamada6^ 
H. Yamaguchi^^"'', A. Yamamoto^^, K. Yamamoto^^, S. Yamamoto''^^^, T. Yamamura^^^, 
T. Yamanakal''^ T. Yamazakil5^ Y. Yamazaki^e, Z. Yan^^ H. Yang^^ U.K. Yang^^ 
Y. Yangi"^ Z. Yangi^^^a.ueb^ Yanush^^, L. Yao^s^, Y. Yao^'\ Y. Yasu^^, 

G. V. Ybeles Smit^^o^ j_ ye^o^ s. Ye^^, M. Yilmaz4<:, R. Yoosoofmiya^^s^ ^ Yorita^^\ 

R. Yoshida^ K. Yoshihara^^s^ q Youngi^a, G.J. Young^s, S. Youssef^^, D. Yu^^, J. Yu^ 
J. Yu^i2^ L Yuan^^, A. Yurkewicz^^^, M. Byszewski^^, B. Zabinski^^^ ^ Zaidan^^^ 
A.M. Zaitsev^^^, Z. Zajacova^o, L. Zanelloi^2a,i32b^ ^ Zanzi^^, A. Zaytsev^^, 

C. Zcitnitzl^^ M. Zcman^^s^ ^ Zcmla^^, C. Zendler^i, Q. Zenin^^s^ rj. Zenis^^'^'^, 
Z. Zmonos^22a,i22b^ g^ Zenzl^ D. Zerwas^^^ G. Zevi della Porta^^ D. Zhang33b,«i^ 

H. ZhangS^ J. Zhang^ X. Zhang^sd^ z. Zhangll^ L. Zhao^°®, Z. Zhao^^b^ 

A. Zhemchugov^^, J. Zhongii^, B. Zhou^^ N. Zhou^6^ Y. Zhou^5^ G.G. Zhu^^^^, 

H. Zhu^'^, J. Zhu^^, Y. Zhu^^b^ X. Zhuang9«, V. Zhuravlov^^, A. ZibelF, D. Zieminska^^, 

N.I. Zimin^^, R. Zimmermann^-'^, S. Zimmermann^-'^ , S. Zimmermann^^, M. Ziolkowski^^^, 

R. Zitoun^, L. Zivkovic^s, V.V. Zmouchko^^S:*, G. Zobernig^'^^, A. Zoccoli^O'^'^ob^ 

M. zur Nedden^s^ y_ Zutshi^o^, L. Zwalinski^o. 



^ School of Ghemistry and Physics, University of Adelaide, Adelaide, Australia 
^ Physics Department, SUNY Albany, Albany NY, United States of America 
Department of Physics, University of Alberta, Edmonton AB, Ganada 

^ ("'Department of Physics, Ankara University, Ankara; *^^' Department of Physics, 
Dumlupinar University, Kutahya; *^^' Department of Physics, Gazi University, Ankara; 
('^'Division of Physics, TOBB University of Economics and Technology, Ankara; '^'^•'Turkish 



-30- 



Atomic Energy Authority, Ankara, Turkey 

^ LAPP, CNRS/IN2P3 and Universite de Savoie, Annecy-le-Vieux, France 

^ High Energy Physics Division, Argonne National Laboratory, Argonne IL, United States 

of America 

^ Department of Physics, University of Arizona, Tucson AZ, United States of America 
^ Department of Physics, The University of Texas at Arhngton, Arhngton TX, United 

States of America 

^ Physics Department, University of Athens, Athens, Greece 

^'^ Physics Department, National Technical University of Athens, Zografou, Greece 
Institute of Physics, Azerbaijan Academy of Sciences, Baku, Azerbaijan 
Institut dc Fisica d'Altcs Energies and Dcpartamcnt de Fisica de la Universitat 

Autonoma de Barcelona and ICREA, Barcelona, Spain 

13 (")lnstitute of Physics, University of Belgrade, Belgrade; '^^^Vinca Institute of Nuclear 

Sciences, University of Belgrade, Belgrade, Serbia 

Department for Physics and Technology, University of Bergen, Bergen, Norway 
Physics Division, Lawrence Berkeley National Laboratory and University of California, 

Berkeley CA, United States of America 

Department of Physics, Humboldt University, Berlin, Germany 

Albert Einstein Center for Fundamental Physics and Laboratory for High Energy 

Physics, University of Bern, Bern, Switzerland 

School of Physics and Astronomy, University of Birmingham, Birmingham, United 

Kingdom 

19 («)i])epartment of Physics, Bogazici University, Istanbul; Division of Physics, Dogus 
University, Istanbul; ('^^ Department of Physics Engineering, Gaziantep University, 
Gaziantep; ("^^ Department of Physics, Istanbul Technical University, Istanbul, Turkey 

20 (")lNFN Sezione di Bologna; (''^Dipartimento di Fisica, Universita di Bologna, Bologna, 
Italy 

Physikalisches Institut, University of Bonn, Bonn, Germany 

Department of Physics, Boston University, Boston MA, United States of America 
Department of Physics, Brandeis University, Waltham MA, United States of America 
24 («)Universidade Federal do Rio De Janeiro COPPE/EE/IF, Rio de Janeiro; (''^Federal 
University of Juiz de Fora (UFJF), Juiz de Fora; ('^^Federal University of Sao Joao del Rei 
(UFSJ), Sao Joao del Rei; ^''^Instituto de Fisica, Universidade de Sao Paulo, Sao Paulo, 
Brazil 

Physics Department, Brookhaven National Laboratory, Upton NY, United States of 
America 

26 («) National Institute of Physics and Nuclear Engineering, Bucharest; University 
Politehnica Bucharest, Bucharest; ("^^West University in Timisoara, Timisoara, Romania 
Departamento de Fisica, Universidad de Buenos Aires, Buenos Aires, Argentina 
Cavendish Laboratory, University of Cambridge, Cambridge, United Kingdom 
Department of Physics, Carleton University, Ottawa ON, Canada 
30 CERN, Geneva, Switzerland 

3^ Enrico Fermi Institute, University of Chicago, Chicago IL, United States of America 



- 31 - 



32 ('*)Departamento de Fisica, Pontificia Universidad Catolica de Chile, Santiago; 
^''^Departamento de Fisica, Universidad Tecnica Federico Santa Maria, Valparaiso, Chile 

33 (<^)lnstitute of High Energy Physics, Chinese Academy of Sciences, Beijing; 
(''^Department of Modern Physics, University of Science and Technology of China, Anhui; 
('^^ Department of Physics, Nanjing University, Jiangsu; ('^^School of Physics, Shandong 
University, Shandong, China 

Laboratoire de Physique Corpusculaire, Clermont Universite and Universite Blaise 
Pascal and CNRS/IN2P3, Clermont-Ferrand, France 

Nevis Laboratory, Columbia University, Irvington NY, United States of America 

Niels Bohr Institute, University of Copenhagen, Kobenhavn, Denmark 
37 (")i]\JF]\[ Gruppo CoUcgato di Cosenza; ^''^Dipartimento di Fisica, Universita della 
Calabria, Arcavata di Rcndc, Italy 

AGH University of Science and Technology, Faculty of Physics and Applied Computer 
Science, Krakow, Poland 

The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, 
Krakow, Poland 

Physics Department, Southern Methodist University, Dallas TX, United States of 

America 

Physics Department, University of Texas at Dallas, Richardson TX, United States of 
America 

DESY, Hamburg and Zeuthen, Germany 

Institut fiir Experimentelle Physik IV, Technische Universitat Dortmund, Dortmund, 

Germany 

Institut fiir Kern-aund Teilchenphysik, Technical University Dresden, Dresden, 
Germany 

Department of Physics, Duke University, Durham NC, United States of America 
SUPA - School of Physics and Astronomy, University of Edinburgh, Edinburgh, United 
Kingdom 

'^'^ INFN Laboratori Nazionali di Frascati, Frascati, Italy 

Fakultat fiir Mathematik und Physik, Albert-Ludwigs- Universitat, Freiburg, Germany 
Section de Physique, Universite de Geneve, Geneva, Switzerland 

50 (")lNFN Sezione di Genova; ^^^^Dipartimento di Fisica, Universita di Genova, Genova, 
Italy 

51 («)E. Andronikashvili Institute of Physics, Iv. Javakhishvili Tbilisi State University, 
Tbilisi; ^^^High Energy Physics Institute, Tbilisi State University, Tbilisi, Georgia 

II Physikalisches Institut, Justus-Liebig-Universitat Giessen, Giessen, Germany 
SUPA - School of Physics and Astronomy, University of Glasgow, Glasgow, United 
Kingdom 

II Physikahsches Institut, Georg-August-Universitat, Gottingen, Germany 
Laboratoire dc Physique Subatomiquc et de Cosmologie, Universite Joseph Fourier and 
CNRS,TN2P3 and Institut National Polytechnique de Grenoble, Grenoble, France 

Department of Physics, Hampton University, Hampton VA, United States of America 
Laboratory for Particle Physics and Cosmology, Harvard University, Cambridge MA, 



-32- 



United States of America 

58 (<^)Kirchhoff-Institut fiir Physik, Ruprecht-Karls-Universitat Heidelberg, Heidelberg; 
(^)physikalisches Institut, Ruprecht-Karls-Universitat Heidelberg, Heidelberg; ('^^ZITI 
Institut fiir technische Informatik, Ruprecht-Karls-Universitat Heidelberg, Mannheim, 
Germany 

Faculty of Applied Information Science, Hiroshima Institute of Technology, Hiroshima, 
Japan 

Department of Physics, Indiana University, Bloomington IN, United States of America 
Institut fiir Astro-aund Teilchenphysik, Leopold- Pranzens-Universitat, Innsbruck, 
Austria 

University of Iowa, Iowa City lA, United States of America 

Department of Physics and Astronomy, Iowa State University, Ames lA, United States 
of America 

Joint Institute for Nuclear Research, JINR Dubna, Dubna, Russia 

KEK, High Energy Accelerator Research Organization, Tsukuba, Japan 

Graduate School of Science, Kobe University, Kobe, Japan 

Faculty of Science, Kyoto University, Kyoto, Japan 

Kyoto University of Education, Kyoto, Japan 

Department of Physics, Kyushu University, Fukuoka, Japan 
'^^ Instituto de Fisica La Plata, Universidad Nacional de La Plata and CONICET, La 
Plata, Argentina 

Physics Department, Lancaster University, Lancaster, United Kingdom 
72 («)i]\[F]\[ Sezione di Lecce; ^''^Dipartimento di Matematica e Fisica, Universita del 
Salento, Lecce, Italy 

Oliver Lodge Laboratory, University of Liverpool, Liverpool, United Kingdom 
Department of Physics, Jozef Stefan Institute and University of Ljubljana, Ljubljana, 
Slovenia 

School of Physics and Astronomy, Queen Mary University of London, London, United 
Kingdom 

Department of Physics, Royal Holloway University of London, Surrey, United Kingdom 
Department of Physics and Astronomy, University College London, London, United 
Kingdom 

Laboratoire de Physique Nucleaire et de Hautes Energies, UPMC and Universite 
Paris-Diderot and CNRS/IN2P3, Paris, France 

Fysiska institutionen, Lunds universitet, Lund, Sweden 

Departamento de Fisica Teorica C-15, Universidad Autonoma de Madrid, Madrid, 
Spain 

Institut fiir Physik, Universitat Mainz, Mainz, Germany 

School of Physics and Astronomy, University of Manchester, Manchester, United 
Kingdom 

^'•^ CPPM, Aix-Marscille Universite and CNRS/IN2P3, Marseille, France 

^'^ Department of Physics, University of Massachusetts, Amherst MA, United States of 

America 



-33- 



Department of Physics, McGill University, Montreal QC, Canada 
School of Physics, University of Melbourne, Victoria, Australia 

Department of Physics, The University of Michigan, Ann Arbor MI, United States of 
America 

Department of Physics and Astronomy, Michigan State University, East Lansing MI, 
United States of America 

89 (")lNFN Sezione di Milano; '^''^Dipartimento di Fisica, Universita di Milano, Milano, 
Italy 

^'^ B.I. Stepanov Institute of Physics, National Academy of Sciences of Belarus, Minsk, 
Republic of Belarus 

National Scientific and Educational Centre for Particle and High Energy Physics, 
Minsk, Republic of Belarus 

Department of Physics, Massachusetts Institute of Technology, Cambridge MA, United 
States of America 

Group of Particle Physics, University of Montreal, Montreal QC, Canada 
P.N. Lebedev Institute of Physics, Academy of Sciences, Moscow, Russia 
Institute for Theoretical and Experimental Physics (ITEP), Moscow, Russia 
Moscow Engineering and Physics Institute (MEPhI), Moscow, Russia 
Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, 
Russia 

Fakultat fur Physik, Ludwig-Maximilians-Universitat Miinchen, Miinchen, Germany 
Max-Planck-Institut fiir Physik (Werner-Heisenberg-Institut) , Miinchen, Germany 

100 Nagasaki Institute of Applied Science, Nagasaki, Japan 

Graduate School of Science and Kobayashi-Maskawa Institute, Nagoya University, 
Nagoya, Japan 

102 {a)j]vfp]vf Sezione di Napoli; (''^Dipartimento di Scienze Fisiche, Universita di Napoli, 
Napoli, Italy 

^'^^ Department of Physics and Astronomy, University of New Mexico, Albuquerque NM, 

United States of America 

^''^ Institute for Mathematics, Astrophysics and Particle Physics, Radboud University 
Nijmegen/Nikhef, Nijmegen, Netherlands 

105 ]vji]j];igf National Institute for Subatomic Physics and University of Amsterdam, 
Amsterdam, Netherlands 

Department of Physics, Northern Illinois University, DeKalb IL, United States of 

America 

-^'^^ Budker Institute of Nuclear Physics, SB RAS, Novosibirsk, Russia 

Department of Physics, New York University, New York NY, United States of America 
Ohio State University, Columbus OH, United States of America 
Faculty of Science, Okayama University, Okayama, Japan 

Homer L. Dodge Department of Physics and Astronomy, University of Oklahoma, 
Norman OK, United States of America 

Department of Physics, Oklahoma State University, Stillwater OK, United States of 
America 



-34- 



Palacky University, RCPTM, Olomouc, Czech Republic 

Center for High Energy Physics, University of Oregon, Eugene OR, United States of 
America 

LAL, Universite Paris-Sud and CNRS/IN2P3, Orsay, Prance 

Graduate School of Science, Osaka University, Osaka, Japan 
^^'^ Department of Physics, University of Oslo, Oslo, Norway 

Department of Physics, Oxford University, Oxford, United Kingdom 
119 («)i]\[F]\[ Sezione di Pavia; (''^Dipartimento di Fisica, Universita di Pavia, Pavia, Italy 
™ Department of Physics, University of Pennsylvania, Philadelphia PA, United States of 
America 

Petersburg Nuclear Physics Institute, Gatchina, Russia 
122 Sezione di Pisa; '^''^Dipartimento di Fisica E. Fermi, Universita di Pisa, Pisa, 

Italy 

Department of Physics and Astronomy, University of Pittsburgh, Pittsburgh PA, 
United States of America 

124 {a)Laboratorio de Instrument acao e Fisica Experimental de Particulas - LIP, Lisboa, 
Portugal; (''^Departamento de Fisica Teorica y del Cosmos and CAFPE, Universidad de 
Granada, Granada, Spain 

Institute of Physics, Academy of Sciences of the Czech Republic, Praha, Czech 
Republic 

Faculty of Mathematics and Physics, Charles University in Prague, Praha, Czech 
Republic 

Czech Technical University in Prague, Praha, Czech Republic 
State Research Center Institute for High Energy Physics, Protvino, Russia 
Particle Physics Department, Rutherford Appleton Laboratory, Didcot, United 
Kingdom 

130 Physics Department, University of Regina, Regina SK, Canada 
Ritsumeikan University, Kusatsu, Shiga, Japan 

132 («)iNFN Sezione di Roma I; ^''^Dipartimento di Fisica, Universita La Sapienza, Roma, 
Italy 

133 («)i]\[F]\[ Sezione di Roma Tor Vergata; ^^^Dipartimento di Fisica, Universita di Roma 
Tor Vergata, Roma, Italy 

134 {a)j]\jp]\j Sezione di Roma Tre; ^''^Dipartimento di Fisica, Universita Roma Tre, Roma, 
Italy 

135 («)Faculte des Sciences Ain Chock, Reseau Univcrsitaire de Physique des Hautes 
Energies - Universite Hassan II, Casablanca; Centre National de I'Energie des Sciences 
Techniques Nucleaires, Rabat; ('^^Faculte des Sciences Semlalia, Universite Cadi Ayyad, 
LPHEA-Marrakech; ^''^Faculte des Sciences, Universite Mohamed Premier and LPTPM, 
Oujda; ^^^Faculte des sciences, Universite Mohammed V-Agdal, Rabat, Morocco 

^'^^ DSM/IRFU (Institut dc Rcchcrches sur Ics Lois Fondamcntales de I'Univers), CEA 
Saclay (Commissariat a rEncrgic Atomique), Gif-sur-Yvette, France 

Santa Cruz Institute for Particle Physics, University of California Santa Cruz, Santa 
Cruz CA, United States of America 



-35- 



Department of Physics, University of Washington, Seattle WA, United States of 
America 

Department of Physics and Astronomy, University of Sheffield, Sheffield, United 
Kingdom 

Department of Physics, Shinshu University, Nagano, Japan 

Fachbereich Physik, Universitat Siegen, Siegen, Germany 

Department of Physics, Simon Fraser University, Bmnaby BC, Canada 

SLAC National Accelerator Laboratory, Stanford CA, United States of America 

144 {a)pax,yi^y Qf Mathematics, Physics &; Informatics, Comenius University, Bratislava; 
Department of Subnuclear Physics, Institute of Experimental Physics of the Slovak 

Academy of Sciences, Kosicc, Slovak Republic 

145 Department of Physics, University of Johannesburg, Johannesburg; ^''-'School of 
Physics, University of the Witwatersrand, Johannesburg, South Africa 

146 ('^) Department of Physics, Stockholm University; '^''^The Oskar Klein Centre, 
Stockholm, Sweden 

Physics Department, Royal Institute of Technology, Stockholm, Sweden 
Departments of Physics & Astronomy and Chemistry, Stony Brook University, Stony 
Brook NY, United States of America 

^'^^ Department of Physics and Astronomy, University of Sussex, Brighton, United 
Kingdom 

School of Physics, University of Sydney, Sydney, Australia 
Institute of Physics, Academia Sinica, Taipei, Taiwan 

Department of Physics, Technion: Israel Institute of Technology, Haifa, Israel 
^■^■^ Raymond and Beverly Sackler School of Physics and Astronomy, Tel Aviv University, 
Tel Aviv, Israel 

Department of Physics, Aristotle University of Thessaloniki, Thessaloniki, Greece 
International Center for Elementary Particle Physics and Department of Physics, The 

University of Tokyo, Tokyo, Japan 

Graduate School of Science and Technology, Tokyo Metropolitan University, Tokyo, 

Japan 

Department of Physics, Tokyo Institute of Technology, Tokyo, Japan 
Department of Physics, University of Toronto, Toronto ON, Canada 

159 {a)TRIUMF, Vancouver BC; Department of Physics and Astronomy, York 

University, Toronto ON, Canada 

Faculty of Pure and Applied Sciences, University of Tsukuba, Tsukuba, Japan 
Department of Physics and Astronomy, Tufts University, Medford MA, United States 

of America 

Centro de Investigaciones, Universidad Antonio Narino, Bogota, Colombia 
Department of Physics and Astronomy, University of California Irvine, Irvine CA, 
United States of America 

164 (a)iNFN Gruppo Collegato di Udine; (^^ICTP, Trieste; ('^^Dipartimento di Chimica, 
Fisica e Ambiente, Universita di Udine, Udine, Italy 

Department of Physics, University of Illinois, Urbana IL, United States of America 



-36- 



Department of Physics and Astronomy, University of Uppsala, Uppsala, Sweden 
Instituto de Fisica Corpuscular (IFIC) and Departamento de Fisica Atomica, 
Molecular y Nuclear and Departamento de Ingenieria Electronica and Instituto de 
Microelectronica de Barcelona (IMB-CNM), University of Valencia and CSIC, Valencia, 
Spain 

Department of Physics, University of British Columbia, Vancouver BC, Canada 
Department of Physics and Astronomy, University of Victoria, Victoria BC, Canada 

^"^^ Department of Physics, University of Warwick, Coventry, United Kingdom 

^"^^ Waseda University, Tokyo, Japan 

Department of Particle Physics, The Weizmann Institute of Science, Rehovot, Israel 
Department of Physics, University of Wisconsin, Madison WI, United States of 

America 

^'''^ Fakultat fiir Physik und Astronomic, Julius-Maximilians-Universitat, Wiirzburg, 
Germany 

Fachbereich C Physik, Bergische Universitat Wuppertal, Wuppertal, Germany 
Department of Physics, Yale University, New Haven CT, United States of America 

177 Yerevan Physics Institute, Yerevan, Armenia 

^"^^ Centre de Calcul de I'Institut National de Physique Nucleaire et de Physique des 
Particulcs (IN2P3), Villcurbannc, France 

Also at Laboratorio de Instrumentacao e Fisica Experimental de Particulas - LIP, 
Lisboa, Portugal 

Also at Faculdade de Ciencias and CFNUL, Universidade de Lisboa, Lisboa, Portugal 
^ Also at Particle Physics Department, Rutherford Appleton Laboratory, Didcot, United 
Kingdom 

Also at TRIUMF, Vancouver BC, Canada 
^ Also at Department of Physics, California State University, Fresno CA, United States of 
America 

f Also at Novosibirsk State University, Novosibirsk, Russia 

^ Also at Fcrmilab, Batavia IL, United States of America 

^ Also at Department of Physics, University of Coimbra, Coimbra, Portugal 

* Also at Department of Physics, UASLP, San Luis Potosi, Mexico 
^ Also at Universita di Napoli Parthenope, Napoh, Italy 

^ Also at Institute of Particle Physics (IPP) , Canada 

' Also at Department of Physics, Middle East Technical University, Ankara, Turkey 

Also at Louisiana Tech University, Ruston LA, United States of America 
" Also at Dep Fisica and CEFITEC of Faculdade de Ciencias e Tecnologia, Universidade 
Nova de Lisboa, Caparica, Portugal 

° Also at Department of Physics and Astronomy, University College London, London, 
United Kingdom 

P Also at Department of Physics, University of Cape Town, Cape Town, South Africa 
Also at Institute of Physics, Azerbaijan Academy of Sciences, Baku, Azerbaijan 
Also at Institut fiir Experimentalphysik, Universitat Hamburg, Hamburg, Germany 

* Also at Manhattan College, New York NY, United States of America 



-37- 



* Also at CPPM, Aix-Marseille Universite and CNRS/IN2P3, Marseille, France 

Also at School of Physics and Engineering, Sun Yat-sen University, Guanzhou, China 
'" Also at Academia Sinica Grid Computing, Institute of Physics, Academia Sinica, Taipei, 
Taiwan 

^ Also at School of Physics, Shandong University, Shandong, China 
^ Also at Dipartimento di Fisica, Universita La Sapienza, Roma, Italy 
y Also at DSM/IRFU (Institut de Recherches sur les Lois Fondamentales de I'Univers), 
CEA Saclay (Commissariat a I'Energie Atomique), Gif-sur-Yvette, France 
^ Also at Section de Physique, Universite de Geneve, Geneva, Switzerland 
Also at Departamento de Fisica, Universidade de Minho, Braga, Portugal 
Also at Department of Physics and Astronomy, University of South Carolina, Columbia 
SC, United States of America 

"'^ Also at Institute for Particle and Nuclear Physics, Wigner Research Centre for Physics, 
Budapest, Hungary 

"'^ Also at California Institute of Technology, Pasadena CA, United States of America 
Also at Institute of Physics, Jagiellonian University, Krakow, Poland 

"■f Also at LAL, Universite Paris-Sud and CNRS/IN2P3, Orsay, France 

Also at Nevis Laboratory, Columbia University, Irvington NY, United States of America 

"'^ Also at Department of Physics and Astronomy, University of Sheffield, Sheffield, 

United Kingdom 

Also at Department of Physics, Oxford University, Oxford, United Kingdom 
"•^ Also at Institute of Physics, Academia Sinica, Taipei, Taiwan 

Also at Department of Physics, The University of Michigan, Ann Arbor MI, United 

States of America 

Also at Discipline of Physics, University of KwaZulu-Natal, Durban, South Africa 

* Deceased 



-38- 



